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Test Engineer and Expen Viewer Coarsely Determine 
DIU Ratios that Bound the Continuum Between TOVA 

and POF 

4 NTSC Subiective Test Methodologies 

Panel of TrainedlExpert Viewers Rates Picture Quality 
Of -1 1 Points (DIU Ratios) Bounded By Previously 

Determined TOVA and POF Points 

4.1 Subjective Evaluation Overview 
;\s discussed in 2 . 5 2 .  subjective evaluation uf the NTSC audioivtdeo clips is a mul t i~s tep  
process. a:, shown in Figure 4 . 1 .  

Digital Recordings are Generated at Same DIU Ratios 
AS Used In Previous Step 

MOS Scores From Panel of Expert Viewers Used to 
Select Most Salient DIU Ratios and Select Recordings 

For Further (Consumer) Evaluation I 
-40 Consumers Score Previously Selected Recordings 

on MOS Scale, Using Single Stimulus Presentation 
Methodology 

MOS Scores From Consumer Evaluation Tabulated. 
dNTSC OH Cases Compared with dNTSC On Cases 

Figure 4-1 Flow Diagram of NTSC Test Methodology 



Advanced Television Technology Center 

4.2 Identifying Source Material 
The following criteria shall be used to select appropriate audioivideo source material: 

1)  The material will be drawn from "real~world" TV programming. 
2 )  The videotape source shall be a t  a quality level equal to t ha t  of a "master" tape. 

which wotild normally be used by a national broadcast network for program playout. 
3) The complexity of the video material will be relatively low; simpleiplain backgrounds 

a re  desirable. 
1) The complexity of the audio will be relatively low; wherever possible. speech samples 

will he used. 
5) The material will be selected to avoid any emotional reaction from test participants. 
6 )  The material will be interesting enough to keep the test participant's attention 
7) The material will not be overly "annoying", since participants were required to view 

the material repeatedly during the course of the subjective evaluation. 

4.3 Identifying TOVA and POF 
It is important to recognize t ha t  NTSC interference scenarios exist a t  varying levels of 
severitv. I n  some cases, interference may not be detectable, despite the presence of nearby 
stations on channels tha t  might otherwise be expected to cause problems. In other cases, a 
nearby station on a certain channel may cause such severe interference tha t  the desired 
NTSC station can not be watched ~ this point is often referred to a s  the Point of Failure 
(POF). Between these two points a re  several cases which consumers consider "watchable" 
to varying degrees. A crucial point along this continuum is a case known a s  the Threshold 
of Visibility or Audibility - hereafter referred to a s  'TOVA'. At this point, the interference 
is just  barely visible or audible to the consumer. The TOVA is of significant interest 
hecause i t  quantifies the onset of detectable interference. 

Severity of interference is primarily influenced by the ratio of desired channel signal 
strength to undesired channel signal strengths. This relationship is traditionally referred 
to a s  the "DIU ratio" (Le., Desired to Undesired Ratio), a n d  is expressed in d B  units. A 
positive DIU ratio indicates t ha t  the interfering signal has  less power than  the desired 
signal. A negative DIU ratio indicates tha t  the interfering signal has more power than  the 
desired signal. A s  the DIU ratio becomes "more negative", the interference severity 
increases. Threshold tests a re  designed to determine which DIU ratio corresponds to the 
TOVA point; They are  designed to answer the question: 'What DIU ratio causes just  
noticeable interference to the picture or sound of a consumer TV?' Once this point is found, 
it may then be stated tha t  this particular D/U ratio marks the onset of interference, and if 
the DIU ratio were to become more negative, the impairments could be expected to increase 
even further.  

' There iirc manv other parameters that influence interference severity, including the received signal 
strength of the desired channel by itself. and the configuration of the interfering station. However, 
these factors are generally considered secondary to the dominant effect of the deslred to undesired 
ratio. 
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Category Numeric 

Identical 0 

Different 2 

Translation 

Slightly Different (TOVA) 1 

Extremely Different 3 
Point of Failure (POF) 1 - 

As a first step in the  sublective evaluation process. a test engmeer and  expert viewer will 
identify the  TOVA and  POF points described above for every receiver, in each interference 
condition (Note that  dNTSC will always be off during this TOVNPOF identification phase). 
The TOVA and POF points wil l  bound the test conditions to the  region of interest (points 
outside of this region are either failed or subjectively unimpaired). Because these 
boundaries a r e  expected to be somewhat coarse, it will be necessary to conduct a more 
formal e~i i luat ion of this region. 

4.4 Identifying Salient DIU Ratios 
The region between TOVA and POF will be evaluated more formally using a panel of four 
expert viewers. The main objectives a re  to: 1) verify the  previously identified TOVA and  
POF poink 2 )  identify salient DIU ratios within the  region between TOVA and  POF. The 
DIU ratios identified by the panel of expert viewers will then undergo further subjective 
evaluation by consumers. 

The panel of expert viewers will be presented with 2 audioivideo clips, back-to-back: the  
first clip is always unimpaired (free from interference), and  the  second clip is impaired 
(subject to interference a t  some DIU ratio). DIU ratios will be randomly selected by the  test 
engmeer, so that viewers will not know what  they a re  watching from trial  to trial. The 
engineer will show viewers several clips covering a wide range of DIU ratios. Clips should 
range from “slightly impai red  to “grossly impaired”, and should cover all transmission 
points between these extremes in 2 - 3  dB increments. Viewers will simply be asked whether 
they saw a difference between the  clean and  impaired sample and  if so, how large the  
difference is. Table 4-1 shows the rating scheme and numerical translation. Participants 
will rate clips individually. on a S-point scale. For greater discrimination, viewers will be 
allowed to rate samples a t  intervals of 0.5. 

3 2002 ATTC. Inc. 17 
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Ask Participant. "How 
Would You Rate the Picture - And Sound Quality of This 

Clip? 

Play 8~ 12 Second 
Audio/V!deo Clip 

4.6 Subjective Evaluation by Consumers 
The audiohideo clips will then undergo extensive evaluation by consumers in a rigorous 
"subjective test" program, a s  described below. 

Excellent 

Good 

Overall quality of the  picture and sound is superior I 
would watch this station all the  time 
Overall quality of the  picture and sound is good, although 

Rating 

Failure 

Description of Rating (as provided to test subjects) 

would turn this station off under most circumstances 
Overall quality of picture and sound has  failed and I 
would not watch under any circumstance 

Fair 

Poor 

a slight impairment is obvious now and  then. I would 
watch this station anyway, and find the  transmission 
acceptable. 
Overall quality of picture and sound is acceptable, though 
impairments are obvious. I would watch this station 
most of the  time, especially i f  1 was interested in the 
program. 
Overall quality of picture and sound IS marginally 
acceDtable. and imoairments a r e  verv obvious. I would 

I watch this station only if I was motivated by its content 
I Overall quality ot picture and sound IS unacceptable. I Bad 

Numeric 
Translation 
for Analysis 

.j.0 

4.0 

~ 

3.0 

2.0 

1.0 

0.0 



Advanced Television Terhnology Center  

I n t e r f e r e n c e  
T y p e  

Co-channel 
Lower Ad] 
Upper 15t Ad] 

4.6.2 Experimental Design 
Table 4-3  shows the  experimentdl design of  this study The entire euperiment, including 
training. screening and testing will  take approximately 1 '4 to 2 hours 240 samples will he 
presented to each participant fur  rating 

DAJ A N c l i p s  
dNTSC Offlon Sub-Total R e c e i v e r s  R a t i o s  

1-8 5 2 80 
1-8 5 2 80 
1-8 .3 2 80 - 

T a b l e  4-3 E x p e r i m e n t a l  Design 

T o t a l  A u d i o N i d e o  C l ips  240 

4.6.3 Participants 
Forty consumers (20 males and 20 females) will participate in this study, distributed 
between 16 and 46 years of age. Because this is a threshold test, we a re  interested in 
participants who are younger and more critical. Information concerning participants' age, 
gender and  hearmg and vision health will be collected. 

In order to combat fatigue, participants will watch no more than  80 trials in a viewing 
session, followed by a 5-minute break. Participants will be given consent forms prior to 
participating and will be paid for their time after they complete the study. 

Test Participant Training 
I n  order for participants to become familiar with the impairments and software used to 
collect data,  participants will be provided with a short training session. Training will 
include: (a) presenting participants with a range of impairments they will see and hear 
during the study. and ensuring that  they can discern the  impairment; and (b) teaching 
participants to properly use the  software for registering their responses. 

Test Participant Screening 
In order to ensure the integrity of collected responses, it is critical to screen out participants 
who do not demonstrate an  ability to detect impairments. Screening will be done in three 
ways. 

First, ATTC will administer s tandard visual acuity (Snellen chart) and color blindness 
(Ishihara) tests to each participant prior to the s tar t  of the  test session. Participants 
scoring worse than  20/30 visual acuity or exhibiting significant color blindness will not be 
included in the final test results. 

Second, ATTC will design a pre-test screening procedure to determine whether participants 
can reliably discriminate between clean samples and those impaired samples tha t  would be 
encountered throughout the test. Participants who reliably can detect impairments (a t  or 
above the 9096 level) will be included in the test sample. 

'c 2002 ATTC. Inc .  
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Third. after collecting data from all participants, a post-hoc statistical test will be 
conducted for each participant to ensure tha t  individual participants' ratings correlate with 
group ratings. If a n  individual participant does not correlate a t  or above the 0.8 level with 
all other participants, their data  will be excluded from the final test results. 
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5 dNTSC ComDatibilitv with NTSC 

5.1 dNTSC Compatibility with NTSC Upper Adjacent, 
Lower Adjacent, and Co-Channel Stations 

O b i e c t i v e s  
With the potential introduction of Dotcast's dNTSC system into the broadcast bands, there 
IS a need to verify tha t  the addition of dNTSC data does not significantly degrade NTSC to 
NTSC co-channel and adjacent channel interference situations. 

This test series has  one primary Objectlvt? Execute a series of laboratory tests to determine 
if the introduction of dNTSC data into the broadcast spectrum will affect NTSC t o  NTSC 
co-channel  and a d j a c e n t  channel interference. 

Methodology 
The relevant test methodologes are described in sections 2.5, 2.5.2 and 4 .  These 
niethodoiogies may be summarized as:  

1. 

2 .  

3 . 

1. 

3 .  

6. 

- , .  

8. 

Generate specified adjacent channel and  co-channel interference situations in the 
laboratory test bed 
Gradually increase the  power of the NTSC interferer until the test engineer and expert 
viewer coarsely identify the  Threshold of Visibility or Audibility (TOVA) 
Continue increasing the  power of the NTSC interferer until the test engineer and expert 
viewer identify the  Point of Failure (POF) 
Present a t  least 11 DIU ratios between the previously ldentlfied TOVA and POF points 
to a panel of expertitrained viewers. Ask the panel to rate the  quality of each 
audioivideo clip. 
Generate at least 11 recordings a t  DIU ratios between the previously identified TOVA 
and POF points. 
Select the most salient recordings (DIU ratios) based on the  subjective scores from the 
panel of expert viewers. 
Conduct a subjective test program using consumer (non-expert) subjects to score the 
qualit). of each audioivideo clip, using a single stimulus presentation methodology. 
Compare the set of dNTSC-Off MOS scores to the set of dNTSC-On MOS scores. 

Test C o n d i t i o n s  
Table 5-1 lists the primary and  secondary variables included in the co-channel and adjacent 
channel test suite. The orimary test variable is always the presence or absence of dNTSC 
on the interfering channel. Secondary variables include interferer frequency, signal 
strength, receiver makeimodel. etc ... The total number of recordlngs required to complete 
the test suite IS computed by multiplying all test variables. 
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Table 5-1 dNTSC Compatibility with NTSC Adjacent Channels - Test Variables 

Tahle 5-2 and  Table 5 - 3  enumerate the conditions on a test-by-test basis (1.e. each row of 
each table IS one test). Note that each lesl is ac~ua l l y  comprised ofrnrclliple recordings (eac:h 
recording is performed a t  a different DIU ratio, as previously described). 

Table 5-2 dNTSC Compatibility with NTSC Co-Channels - Enumerated Test 
Conditions 

3 2002 ATTC. Inc 
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Table 5-3 dNTSC Compatibility with NTSC Adjacent Channels -Enumerated Test 
Conditions 

0 ' 002 ATTC. Inc 
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Since co-channel and adjacent channel interference IS generally considered to be most 
severe in the VHF band (due to both a crowded spectrum and  the propagation 
characteristics of VHF), all co-channel and adjacent channel tests will be executed using 
VHF channel 12. 

As previously discussed, the FCC has extensively employed frequency offsets to combat co- 
channel interference. Since this represents the normal s tate  of operation for the U.S. 
broadcast service, all co-channel tests will be executed between two stations whose carrier 
frequencies a re  offset from one another by 1 0 , 0 1 0 H ~ . ~  

The desired signal shall have characteristics as  shown in Table 5-4.  The undesired signal 
shall have characteristics as  shown in Table 5 - 5 .  

Table 5-4 Desired NTSC Signal Configuration 

9 Note that the FCC specifies frequency offsets of lOkHz +I- IkHz. However. experience has shown 
that the optimal  offset is actually 10,010Hz. Since this represents the besl case for NTSC to KTSC 
interference, it is expected that this would also be the ivorsf case for dNTSC; it is hypothesized tha t  
dNTSC impairments would he more readily apparent i n  these conditions. 

2002 ATTC, Inc '1 



Advanced Television Technology Center 

Table 5-5 Undesired NTSC Signal Configuration 

A "+"or " ~ "  next to the channel number indicates a positive or negative 10,010Hz frequency offset. 
The undesired signal may occupy any one of the listed broadcast channels. depending on the specific 
test conditions. 
**In test conditions where dNTSC is specified as o//, these parameters do not apply 

2002 ATIC. Inc. 
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6 dNTSC Compatibility with DTV 

6.1 dNTSC Compatibility with DTV Upper Adjacent, 
Lower Adjacent, and Co-Channel Stations 

O b i e c t i v e s  
This test series has one primary objective: Execute a series of laboratory tests to determine 
i f  the introduction of dNTSC data into the broadcast spectrum will affect NTSC i n t o  DTV 
co-channe l  a n d  a d j a c e n t  c h a n n e l  interference. 

Methodology 
.4n overview of the DTV test methodology was given in section 2.5.1. This methodology may 
he 

1. 

2.  

3 .  

4. 

summarized as: 

Generate specified adjacent channel NTSC into DTV interference scenarios in the 
laboratory test bed 
Gradually increase the power of the adjacent channel interferer until a trainediexpert 
observer identifies the  Threshold of Visibility (TOW. 
Repeat procedure a maximum of 7 times (7  trials). The final test result is the statistical 
median of all trials. 
Compare TOV in dNTSC-Off conditions to TOV in dNTSC-On conditions. 

For all tests, the Threshold of Visibility (TOW shall be defined as  the Desired-to-undesired 
ratio (DIU) which results in the  onset of visible errors in the DTV picture. A DTV picture is 
considered to be "at TOV" when an  expertitrained viewer observes a t  least one error within 
n 20 second observation window, over a period of three conseculiue 20 second observation 
windows. 

Several different NTSC into DTV coxhannel interference scenarios will be simulated in the 
laboratory. In each case, the test bed will generate both a "desired DTV RF signal and an  
"undesired' NTSC or dNTSC R F  signal. The complete RF  signal spectrum will be coupled 
into six consumer DTV receivers via their antenna input ports, and the resultant picture 
and sound quality of each set will be evaluated under various coxhannel and adjacent 
c:hannel interference test conditions. 

For each interference scenario generated by the test bed. the power level of the desired RF 
signal will be set to a fixed level. The power of the  undesired R F  signal will initially be set 
to a very low level. The picture and sound quality produced by the receiver under test will 
be monitored. The power level of the undesired signal will be increased (in small steps) 
until bit errors a re  observed in the received picture or sound quality. At this point, the 
power ratio between the desired and undesired signal (DIU ratio) will be noted. 

This process will be repeated for each of the  test conditions specified in Table 6 ~ 2 .  Note 
that in half the cases the undesired signal does 1101 have dNTSC present; in the other half, 
dNTSC is present on the undesired signal. The presence or absence o fdNTSC on the 
undesired sLggnal is the primary lest uarzable. All of the test conditions will be repeated for 
each of the six DTV receivers under test. 

26 
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Test Variables 

Desired Channel - Signal Strength 
Undesirecl Channel - Signal Type 
Undesired Channel - Signal Strength 
Undesired Channel - Signal Frequency 
Measurement "Trials" 
Receivers Under Test 

Once all TOVA points a re  recorded. the values may be separated into cases where the 
undesired signal had dNTSC o//and cases where the undesired signal had dNTSC On. A 
comparison of these values will indicate whether dNTSC had any impact on the  TOVA 
point. I f  there is no difference between TOVA with dNTSC offand TOVA with dNTSC O ~ I .  

then it may be concluded that  dNTSC does not affect these particular interference 
scenarios. If there is a diflerenre between TOVA with dNTSC off and TOVA with dNTSC 
on. then the magnitude of the difference will provide a measure of hoiu much of a n  impact 
dNTSC has  on  co-channeliadjacent channel interference. 

Test Condit ions 
Table F - l  lists the pr imary  and  secondary variables included in the DTV test suite.  The 
primary test variable is always the presence or absence of dNTSC on the interfering 
channel. Secondary variables include signal strength, receiver makeitnodel, etc ... The total 
number of viewingilistening trials required to complete t he  test suite is computed by 
multiplying all test variables. 

Possible Values # Of 
(enumerated) Possible 

Values 
Strong: Moderate; Weak 3 
NTSC; dNTSC 2 
Variable NA 
Co-Channel. Lower Adj, Upper Adj 3 
7 TOV Trials in Each Condition 7 
6 DTV Receivers 6 

Table 6-1 Summary of Test Variables (dNTSC Compatibility with DTV) 

Table 6-2 and Table 6-3 enumerate the conditions described in Table 6-1 on a test-by 
hasis (i.e. each row of the table is one test). Note t ha t  each test must be repeated for 
the six receivers. 

Table 6-2 Enumerated Test Conditions (dNTSC Compatibility with DTV Co- 
Channels) 

-test 
each of 

2002 ATT('. Inc 
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RF C h a r a c t e r i s t i c s  
Desc r ip t ion  Va lue  U n i t  
Type NTSC 
Channel 2 3  
Visual-Aural Ratio 20 ?,6 
Peak Power Variable 

DescriDtion Va lue  U n i t  
d N T S C  D a t a  Charac t e r i s t i c s*  

T a b l e  6-5 U n d e s i r e d  NTSC S i g n a l  C o n f i g u r a t i o n  

A u d i o  C h a r a c t e r i s t i c s  
Desc r ip t ion  Va lue  
Type Mono 
Main Audio Silence 
Total Deviation (peak) 0 k H z  
Main Audio Processing NA 

Video  C h a r a c t e r i s t i c s  
Desc r iu t ion  V a l u e  

Aural DDS Rate (Raw) 1.43 Mbps 
Aural DDS Injection 25 1% 

Visual DDS Rate (Raw) 4 .29  Mbps 
Visual DDS Injection -24 dB 
Visual DDS Mod 128QAM 

Picture Rotating 
Pyramids 

Procedures 
1) Turn the  desired DTV and undesired NTSC signals completely off 
2 )  Cycle the power of the DTV receiver (resets receiver state) 
3) Preset the frequencies of all DTV and NTSC signals 
4) Preset the power level of the desired channel 
5 )  Preset the initial power level of the undesired channel 
6) Preset dNTSC OffiOn status 
7 )  Re-cue and play NTSC video source material feeding undesired channel 
8) Verify that  a t  least 10 seconds have passed since the desired DTV and undesired NTSC 

signals were turned off 
9) Turn DTV signal on 
10) Wait 5 seconds 
11) Turn  NTSCidNTSC signal on 
12) Increase DIU ratio (i.e. undesired NTSC signal power) until Point of Failure (POF) is 

13)Step "back" 3dB (i.e. decrease undesired NTSC signal power level by 3dB) 
14) Increase DIU (i.e. undesired signal power) in 0.25dB increments until expertitrained 

reached. 

viewer observes a t  least one error in three consecutiue twenty second rnteruals. Record 
this DIU ratio as  Threshold of Visibility (TOW. 

achieved four (4) times'! 

all trials. 

I5)Repeat entire procedure for seven (5) trials or until the same numerical test result is 

16)Record the TOV test results for each of the trials and calculate the statistical median of 

l o  I n  general, each test will be repeated 7 times (5 trials). However, if the same numerical test 
results IS obtained at least 4 times, no further trials are necessary, because additional trlals will not 
affect the median test result. 

(D 2002 ATTC, Inc. 29 
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Presentation of Data 
Each interference condition shall produce results from a t  least 4 and a maximum of i trials. 
where the  result from each trial is a DIU ratio corresponding to TOV. The primary test 
result shall be the statistical median of all trials performed in a given interference 
condition. 

0 WOO2 ATTC. Inc. 3 0 
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Parameter 
Sensor Type 
Limit Checking 
Low Limit 
High Limit 
Cal. Factor 

7 Standard Measurement Methodologies 

Desc r ip t i on  
H P  8481D (diode detector) 
O n  
-7OdBm 
-2OdBm 
58.7% a t  250MHz (from sensor 
calibration certification) 

7.1 RF Measurements 

7.1.1 NTSC Peak Power 
An HP437B average power meter with a diode detector shall be used to measure the  
average NTSC power. The NTSC visual carrier shall  be modulated with a black. The aural  
carrier shall be off. The conversion to peak NTSC power shall be made by adding a +2.65 
dB calibration factor to the  measured average NTSC power. 

Setup 
The measuring instrument shall be an  HP437B average power meter with an  RMS - 
responding sensor, and will be configured a s  shown in Table 7.1 

T a b l e  7-1 P o w e r  Meter Conf igu ra t i on  

2002 ATTC. Inc. 31 
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u -  
~~ ~ - 

horizontal blue lines a re  also depicted These lines a r e  set on the oscilloscope to indicate 
25% negative amplitude modulation 

Tek Run: S O O M S I s  Sample 
t T I 

I I 

Figure 7-2 illustrates the  modulated RF envelope in a “persistence” mode that accumulates 
oscilloscope traces over long periods of time. This mode is useful to identify maximum and 
minimum modulation peaks over long time intervals. 

Setup and Procedure 
A Tektronix TDS784D digital oscilloscope shall be used to observe the  aural  carrier in the 
time domain, with DDS da ta  modulation enabled. The carrler shall be viewed in both 
instantaneous and  “persistence” modes on the  oscilloscope. The aural  injection control o n  
the data modulator shall be adjusted until the  amplitude modulation falls within the  25”4 
hounding box depicted on the  oscilloscope (as  illustrated in Figure 7.1 and Figure 7.2). It 
shall be verified tha t  the  modulation peaks do not extend significantly beyond this 
hounding box over a perlod of 60 seconds. 

2002 ATTC. Inc. 
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Tek Run: S O O M S / s  Sample 

J 

125mVRb M 1OOpS Chl 1 375mV 21 J a n 2 0 0 2  
16: 12:27 

Figure 7-2 Modulation D e p t h  Measurement of dNTSC Aural DDS Signal 
Accumulated Over Time 

7.1.4 Visual-Aural Power Ratio 
The aural to visual power ratio is determined by dividing the peak visual NTSC power (as 
determined in Section 7.1.1) by the  average power of the  unmodulated aural  carrier 
(measured with the  visual carrier ofr). The aura l  carrier average power 1s also measured 
using the  HP437B average power meter. 

'- 2002 .\TTC I n c  
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1 Make:  Orban 
1 Model :  Opt imod-W Model 8182A 
! P a r a m e t e r  N a m e  P a r a m e t e r  S e t t i n g  
Loudness C,ontrol On 
Release Shape Exp 
Cornp Operate 
Limiter Operate 
Clipping 0 
H -F  Limiting + 3  
Release Time 3 
Bass Coupling 8 
Gate Threshold 5 
The processor is driven with nominally +4dBulOW 
audio signals; the processor input attenuators are 
adjusted such that  the 'Total Master GIR'  meter is 
nnminil l lv nrlR (+/-3dR\ 

A. Appendix A - Audio Processing: 

P a r a m e t e r  Name 
Loudness Control 
Release Shape 
Cornp 
Limiter 

Release Time 
Bass Coupling 
Gate Threshold 

Clipping 

~~ ~ 

Table A - 1  and Table A -2  enumerate the aud io  processor settings to he used for all subjective 
tests. These settings are  hased on factory recommendations (as printed in the relevant 
operator's manual for each processor). 

Parameter Setting 
On 
Exp 
Operate 
Operate 
0 
3 
8 
5 

T a b l e  A-1 S t e r e o  Audio  P r o c e s s o r  S e t u p  

Table A-2 S A P  Audio P r o c e s s o r  S e t u p  
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